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Please find attached copies of pages from reference book: John C. Dixon, "Tires, 
Suspension and Handling", 2"^ ed., Society of Automotive Engineers, Inc., Warrendale, Pa. 

Applicant's comments with respect to this submission and further explanation of the 
claimed feature, "response frequency of change in behavior of the vehicle," are below: 

In the present application, "response frequency," relates to a vehicle's natural frequency 
of vibration (its response frequency). In an exemplary embodiment of the present invention, a 
vehicle body and tires are connected through suspension springs and, since the inertial mass of 
the vehicle is large, there is a delay, based on the response frequencv of the vehicle, in the 
vehicle's response to an input to the tires. Here, the response frequency of the vehicle can 
depend on the mass of the vehicle as well as the particulars of the suspension, etc., and is 
typically around 1 Hz or so. 

In claim 1 , for example, it is recited that the vibration that is applied to a tire is a micro- 
vibration having a higher frequency than the above-described response frequency (the vehicle's 
natural frequency of vibration). That is, even though a particular vehicle's response frequency 
may change based on changing/different factors, the claimed micro-vibration that is applied has a 
higher frequency than said response frequency. Applicants submit that one skilled in the art 
would understand the claimed relationship between the frequency of the micro-vibration and the 
response frequency of change in behavior of the vehicle. 

In view of the above, the attached reference materials, and previously submitted 
arguments, reconsideration and allowance of this application are now believed to be in order, and 
such actions are hereby solicited. If any points remain in issue which the Examiner feels may be 
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best resolved through a personal or telephone interview, the Examiner is kindly requested to 
contact the undersigned at the telephone number listed below. 

The USPTO is directed and authorized to charge all required fees, except for the Issue 
Fee and the Pubhcation Fee, to Deposit Account No. 19-4880. Please also credit any 
overpayments to said Deposit Account. 



RespectfiiUy submitted, 




SUGHRUE MION, PLLC 
Telephone: (202) 293-7060 
Facsimile: (202) 293-7860 



Diallo T. Crenshaw 
Registration No. 52,778 



WASHINGTON OmCE 



23373 
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I nis suiiices to ftod A and ^, as r^uiied. 
For the case of a neutral-steer vehicle, the standard solution is 



CO rQ=0 = A + ri 

i'i|r 



]|ffl Differentiating: 



^ — t 

I«1UDC 



55 

CXTJ 



/&= AZ^ e^' + a£?^' + 5Z3yfc'^' 
Id = — = ADJ + S 



o=^rhis suffices to find A and S for the neattal-steer case 
g If il is required to find the altitude angle rather than the yaw speed, then rmust 
g)e ehmnated from the simultaneous differential equations of motilm rather than 
g?. To study the path of the vehicle, for example lo find the path of.O, the Earths 
cv.ix6d axes formulation wmt be used. In all cases the meftod of solution is as 
loove. , f 

For the diree-degrees-of-freedom model, tiie analysis is more complex but 
.'ives very similar results. ^ 

.12 Oscillatory Steer Response 

The ''steady-stale" response to an osciUatoiy (sinusoidal) steer input is not of 
reat practical significance, since this is unlikely to arise in nornial operation on 
>e road. However, a sinusoidal steer input is of some theoieacal interest for a 
^quency domam analysis, and can be investigated experimentally 

-J?MQ^'^!^^"°^'^''"' ^^^y'"' ^^^^ performed by 

n ^'^^ 7-^2.1 to 7.12.3 show how the yaw speed amplitude 

^il speed amphtude and lateral acceleration ampUtude varied with input fre- 
giency. Modem cars and tires tend to give flatter responses up to rather higher 

can produce results much as in these fienres. For 
^squencies below 3 Hz. provided that the speed is not very low. the lire dynamic 



VK 



chaiacterisdc (lag between force and angle) can be neglected. As would be 
Vexpected, the yaw velocity amplitude (Figure 7.12.1), diminishes with fre- 
quency, beginning with the steady-state response value. At high frequency it is 
ineitia-limited, so theie is only a small yaw amplitude. Neglecting the small 
^response, then evidently the yaw moment tends to Af^ = laC^^ where 8 is the 
¥];^lied steer angle amplitude. The yaw acceleration amplitude tends to Ay = 
laC^ifill and the yaw velocity amplitude to r=2aC^S/Ia}f, where fi>f is the forc- 
ing radian frequency of the steering motion. The phase of the tesponsc varies 
from in-phase at low frequency to 90* lag at high frequency. 



Vavg 46-3 ft. per sec. 
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Figure 7. 72. /. Yaw speed amplitude and phase: against steer frequency, ( Reproduced 
by permission of the Council of the Institution of Mechanical Engineers, from Segel, 
"Theoretical Prediction and Experimental Substantiation of the Response of the 
Automobile to Steering Control," Proc, IJMech.E., 1957.) 
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Vaog =K 46-3 it, par sec. 
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Figure 7.72.5. Lateral acceleration amplitude and phase: against sleer frequency. (Re- 
produced by permission of the Council of the Institution of Mechanical Engineers, from 
Segel, L, "Tiieoretical Prediction and Experimental Substantiation of the Response of 
the Automobile to Steering Control, '* Proc. I.Mech.B.> 1957.) 



• 'w*A,My response (Heme 7 72 9^ - 

mcieases to a peak at around the roll m^r^if^^"^ ^ ^ ft^qtiency, 

S b«*een theory ai,d praclice is. thS n.^ "^"^ "S^^' 
S <j"«"<=y "he value equaU the steady sTte^J^*^^^ S"'"^'"? Ac low f,^. 
^- tie yaw response, so for the 2-dof mSr^*; ^' "l^'" W Ut- 

^ ^C^lm. In between, there is a miSium^ acceleratton amplitude to A, = 
^ that it is .he sun, of thn^e ter^s! Zl^^ ^hT '""'^ "^^^^ - 

-ear later.1 acceleration. i„c,«aL„g S fill "n". the Un- 

g«c\rir^tssr ^^^^ ^ ^ «^ the ^ 

^sponse and an earn phase lag ^ "stJiction in 

gnotionis *-thep,«d»H„f a.f^'dom i^L,r^r "^^ ^^I^-^'^ 

-an=,io=n«ybedeU«=ed.TOsh?SS^tl?'«,™^^ 
-..„„ifo™,spec^distrihln.?e^.T^^^^^^^ 

•13 Power Steer 

Previous seccions have dealt wirh ^ 
ay also be su=ering r«.pa„7e toThe a^ekr^ Z r "« 
•d brake steer, respectively tL Wr f K '"""^ PO'*^' ^teer 

•owcr steedng... i.e.. power-assfsSXrir '^'^ -"^tinguished f^r^ 
^ble and are designed out if poSrSJcllf^'' «»«^y "nde- 
^ to arise in fwo ways The fi^^ff i '^^" ^ ""V be con- 
nsidered as a Hgid body ^ISuSff^ °" vehicle 

te. for example because of a sk^^ T'^'' '^'^ "> 

g^effects on the tire chatacteristlTr^ '^ *fferent.al or because of tnictive 
Inpliances. a"««enst.cs. The wcodd is because of vehicle iitonal 



The dynamic effects arc similar to those in the steady state, but may be much 
greater because the tractive forces are greater. In particular, "lift-off tuclc-in" may 
be very noticeable - really this is the disappearance of power undeisteer, 
although nowadays it is known how to control this or to eliminate it if required.' 

Where a large amount of power is applied then the driven end of the vehicle 
wiU insvitably have its cornering ability reduced because of the tire characteris- 
Ucs, giving oversteer for rear drive and understeer for front drive. For more mod- 
erate power applications, many details matter and one cannot really generalize. 
The effect of internal compliance is also very complex and will not be dealt with 
here, but see Section 5.13. 

The effect of a non-free differential on the vehicle as a rigid body may be ana- 
lyzed in the following way. The tractive foice above that required for steady state 
is F = mAj^. Consider a rear-drive vehicle with a tractive force lateral transfer fac- 
tor cy; 

With e-r = 0 the traction is equally distributed as on a free differential; with = 
1 all the traction is on the outer wheel. The plan-\iew moment of the tractive 
force is 

To avoid changing the steady-state cornering radius there must be counteracting 
side forces at the axles of 

L 2L 

The coniesponding changes of slip angle are 
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